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Fig. 1. Pipeline of the development process: a literature investigation yielded 6 categories of annotation types (a), feeding a
gesture elicitation study of 18 annotations (b), confirmed by an identification study (c), whose results are used to train a 2D
multi-stroke gesture classifier (d) in Crowditivity. In parallel, a focus group designed and agreed on five activity diagrams
(e) used to develop Crowditivity (f), that is further evaluated in the last step for its user experience (g).

User interface requirements elicitation is an early and critical stage in the software development life cycle: requirements are
elicited from stakeholders, and user interface elements that should satisfy these requirements are also created, shared, and
edited. To effectively capture the diverse perspectives of stakeholders on these requirements, crowd elicitation is a promising
approach to leverage the collective knowledge of a time- and space-distributed group of stakeholders to manage user interface
requirements and their associated user interface elements. Annotating these elements manually in freeform digital ink leads
to results that are difficult to interpret and time-consuming to exploit by designers and developers. Instead, we propose
that stakeholders annotate user interface elements by commonly-agreed gestures that will be automatically recognized to
populate 10 annotation metrics. To this end, we present Crowditivity, a publicly available web application that effectively
harnesses crowd elicitation in three related activities: (1) collecting and managing user interface functional and non-functional
requirements according to an adapted Volere Shell template; (2) assigning user interface elements of a mockup or prototype
to requirements to satisfy them; and (3) enabling stakeholders to annotate these elements by ink-based gestures. A 2D
multi-stroke gesture classifier is specifically tailored to recognize gesture classes corresponding to 18 annotation types, that
are empirically validated through a gesture elicitation study (𝑛1=26) confirmed by an identification study (𝑛2=59). Through an
evaluation of a case study for a web application, we investigated how eight representative designers valued the Crowditivity
platform. We finally define and illustrate a set of ten metrics to quantify the output of Crowditivity in terms of annotations
and annotators resulting from the gesture recognition.

Authors’ Contact Information: Andrew Arnita, andrew_arnita@hotmail.com, Université catholique de Louvain, Louvain Research Institute in
Management and Organizations (LouRIM), Louvain-la-Neuve, Belgium; Emilio Insfran, Universitat Politècnica de València, Departamento
de Sistemas Informáticos y Computación, Valencia, Spain, einsfran@dsic.upv.es; Nuwan T. Attygalle, nuwan.attygalle@uclouvain.be;
Jean Vanderdonckt, jean.vanderdonckt@uclouvain.be, Université catholique de Louvain, Louvain Research Institute in Management and
Organizations (LouRIM), Louvain-la-Neuve, Belgium.

This work is licensed under a Creative Commons Attribution 4.0 International License.
© 2026 Copyright held by the owner/author(s).
ACM 2573-0142/2026/6-ARTEICS017
https://doi.org/10.1145/3816769

Proc. ACM Hum.-Comput. Interact., Vol. 10, No. 4, Article EICS017. Publication date: June 2026.

https://orcid.org/0009-0003-7342-957X
https://orcid.org/0000-0003-0855-5564
https://orcid.org/0000-0001-8498-1923
https://orcid.org/0000-0003-3275-3333
https://orcid.org/0009-0003-7342-957X
https://orcid.org/0000-0003-0855-5564
https://orcid.org/0000-0001-8498-1923
https://orcid.org/0000-0003-3275-3333
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3816769


EICS017:2 • Andrew Arnita et al.
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1 Introduction
In the field of Requirement Engineering (RE) [30,42], requirements elicitation initiates the software development
process by uncovering and articulating stakeholders’ needs, constraints, and expectations before design and
implementation begin [8] in form of requirements [52]. Requirements elicitation is widely recognized as a
foundational and decisive stage in the software development life cycle [26], particularly in the engineering of
interactive systems and their User Interfaces (UI) [36] (see Maguire and Bevan [46] for a review). In this work,
we adopt a precise definition of Requirements Elicitation as the acquisition of information from an individual or
group of end users, which we refer to as stakeholders, in a manner that does not explicitly disclose the intent of
the inquiry. More broadly, elicitation encompasses any technique used to discreetly extract information that is
not readily available but is essential for a specific development purpose [26]. In the context of UI engineering,
elicitation not only gathers requirements from stakeholders but also informs the creation and sharing of interface
elements intended to satisfy those requirements.
Despite its centrality, UI requirements elicitation often relies on manual annotation technologies [50] of UI

design artifacts [39], such as textual or multimedia descriptions [22], structured forms, images [28], facilitator-led
documentation resulting from scenarios [3] or interviews [11,49], that can be tedious to produce and challenging
to interpret [18]. These approaches frequently struggle to capture dynamic interaction behaviors [16], navigation
flows, and nuanced user intentions [25]. As a result, ambiguity persists between technical and non-technical
stakeholders, potentially propagating misalignment into later UI design and prototyping stages.

To address these limitations, we investigate the use of gesture-based annotation systems [63] for UI requirements
elicitation [36], acknowledging the critical role of annotations in user-centered design [24]. An annotation
system in this context refers to a structured framework that enables stakeholders to augment UI artifacts, such
as sketches [4,58], wireframes [35], empathy maps [31] with personas [32], storyboards [23], mockups and
prototypes [25] with additional semantic information. Rather than relying solely on text, our system allows
stakeholders to use stroke gestures [5] (e.g., arrows indicating navigation, circles highlighting components,
symbols representing user actions [16]) to visually and directly express their intentions. These gestures serve as
expressive, embodied annotations that are digitally captured and linked to UI elements associated to requirements.
The gestural approach offers several advantages. First, it enhances clarity and reduces ambiguity by allow-

ing stakeholders to communicate through intuitive visual marks [63]. Second, it lowers the cognitive burden
associated with rigid documentation formats [75], encouraging broader participation of end users [51], which
can be considered sometimes as software developers [15]. Third, it supports agile [34] collaboration by enabling
participants to sketch ideas directly onto shared UI artifacts [59]. Most importantly, gestural annotations can be
automatically recognized, systematically interpreted, and translated into structured comments on UI artifacts
associated to requirements [64]. Recognized gestures can be categorized and associated with UI behaviors, inter-
action types, or priority levels. This integration not only improves the multi-fidelity [16] of elicited requirements
but also enables traceability, consistency, and automated analysis throughout subsequent development stages.

Proc. ACM Hum.-Comput. Interact., Vol. 10, No. 4, Article EICS017. Publication date: June 2026.

https://doi.org/10.1145/3816769
https://doi.org/10.1145/3816769


Gestural Annotation of UI Requirements • EICS017:3

The value of annotation extends beyond elicitation into prototyping, where annotating UI artifacts enables
stakeholders to align their expectations with evolving UI design alternatives [24,28]. By supporting gesture
recognition, our approach transforms annotations from informal marks into analyzable, quantifiable data. For
example, gesture frequency may indicate interaction priority, patterns of navigation arrows may reveal user
flow complexity, and clustering of highlights may signal focal interface elements. These data provide early
insights into user expectations and design trade-offs, strengthening decision-making in the formative phases
of UI engineering. This work situates gestural annotation within crowd elicitation [1], the practice of gathering
requirements from a distributed [45] and diverse group of participants rather than a limited set of stakeholders [28].
Crowd elicitation leverages collective intelligence to surface latent needs, edge cases, and alternative perspectives
that may not emerge in traditional sessions [47]. However, scaling elicitation to the crowd introduces challenges
of consistency, interpretation, and agreement [67] among the answers returned by members of the crowd. Our
approach addresses these challenges by designing user-defined gestures [73] instead of system-defined [74] for
annotating UI requirements. More specifically, this paper contributes:

• An empirical understanding and formalization of 18 annotation types of UI artifacts associated to UI
requirements, organized into 6 conceptual categories, grounded in two complementary studies:

(1) A gesture elicitation study (𝑛1=26) exploring how participants represent annotation types by gestures.
(2) A gesture identification study (𝑛2=59) evaluating recognition agreement and interpretability.
• A curated gesture dataset representing the 18 annotation types that maximize inter-participant agreement,
designed explicitly for use in crowd-based annotation environments.

• Crowditivity, a publicly available web application that effectively harnesses crowd elicitation in three
related activities: managing UI requirements according to an adapted Volere Shell template; assigning these
requirements to UI artifacts, and enabling stakeholders to annotate them by stroke gestures.

• A 2D multi-stroke gesture classifier specifically tailored to recognize 18 classes of the curated gesture
dataset.

• An evaluation of a case study for a web application revealing how eight designers valued Crowditivity.
• A set of ten metrics to quantify the output of Crowditivity in terms of annotations and annotators
resulting from the gesture recognition.

By integrating intuitive gestural annotation of UI requirements in crowd elicitation, with automated gesture
recognition on empirically validated annotation categories, this work advances a scalable approach to UI require-
ments engineering. Gestural annotation in crowd elicitation is expected not only to enhances expressiveness
and clarity but also establishes a structured foundation for analyzing, prioritizing, and tracing UI requirements
throughout the development life cycle of interactive systems.

To this end, the remainder of this paper is structured as follows: Section 2 reviews work related to requirements
engineering and elicitation with a focus on gestural annotations of UI requirements. Section 3 conducts a
crowd-based gesture elicitation study to determine the preferred gesture representations of 18 annotation types
conceptualized in 6 categories. To reach a commonly-agreed representation [69] of these annotations, which
is key for crowdsourcing [28], Section 4 conducts a crowd-based gesture identification study to validate the
two/three most preferred gesture representations that will be used to train a 2D multi-stroke gesture recognizer
to be embedded in Crowditivity. Informed by 6 activity diagrams, Section 5 delivers a Crowditivity system
walkthrough. The system is evaluated on a case study for a web application by performing a UEQ+ evaluation
with 8 representative UI designers in Section 6. Section 7 defines and illustrates 10 metrics that describe the
behavior of annotators as captured by Crowditivity. Section 8 discusses the limitations of Crowditivity and
the threats to validity encountered in the user studies. Section 9 concludes this paper and presents some avenues
for this work.
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VOLERE Requirement Shell

Requirement #: Requirement Type: Event/user story #:
Description:
Rationale:
Source:
Fit Criterion:

Customer Satisfaction: Customer Dissatisfaction:

Dependencies: Conflicts:

Supporting Material:
History:

Unique ID

The Type from the template

List of events/user 
stories that need 
this requirement

A one sentence statement of the intention of the requirement
A justification of the requirement
Who raised this requirement?

A measure of the requirement such that it is possible to test
if the solution matches the original requirements (quantifiable)

A list of other requirements that
have some dependency on this one

Degree of stakeholder happiness if this requirement is successfully 
implemented (1=uninterested -> 5=extremely satisfied)

Degree of stakeholder unhappiness if this requirement is not part of 
the application (1=hardly matters -> 5=extremely dissatisfied)

Other requirements that cannot be
implemented if this one is

Pointer to documents that illustrate and 
explain this requirement

Timestamped creation, modification, deletion, etc.

Fig. 2. Volere Shell Template used for capturing user interface requirements.

Fig. 1 shows the pipeline of the development process followed in this work. First, a literature investigation
(Fig. 1-a) enabled us to define and identify six categories of annotation types (Section 2): shape, position, rotation,
zoom, feedback, and requirement. These categories were subsequently used as referents for a gesture elicitation
study (Fig. 1-b) of 18 individual annotations (Section 3). The 3 most frequently preferred representations of the 18
annotation types extracted from this study initiated a gesture identification study (Fig. 1-c) in Section 4, whose
results are used to train a 2D multi-stroke gesture classifier (Fig. 1-e). This classifier was then integrated in
Crowditivity, a web application that was conceptually designed (Fig. 1-d) and developed (Fig. 1-f) to harness
crowd elicitation of user interface requirements, that is further evaluated for its user experience (Fig. 1-g).

2 Related Work
When engineering an interactive application, a heterogeneous set of stakeholders, such as end users and their
representatives, designers, developers, and business representatives, contribute requirements that must be
systematically articulated, documented, managed, and validated [42]. The diversity of stakeholder perspectives
necessitates the use of shared representational conventions to ensure consistency and mutual understanding. To
this end, several guidelines, standards, and templates have been established to formalize requirements specification,
including the System Requirements Specification [19], System Requirements Template, and the ISO/IEC/IEEE
29148:2018 standard. These frameworks emphasize the importance of adopting a common language and structure
for describing requirements to support traceability, verifiability, and life cycle management.

Proc. ACM Hum.-Comput. Interact., Vol. 10, No. 4, Article EICS017. Publication date: June 2026.

https://www.jamasoftware.com/requirements-management-guide/writing-requirements/how-to-write-system-requirement-specification-srs-documents
https://www.fdot.gov/docs/default-source/it/pdm/3_requirements/System_Requirements_Template.docx
https://www.iso.org/standard/72089.html
https://www.iso.org/standard/72089.html


Gestural Annotation of UI Requirements • EICS017:5

Methodological approaches such as Volere [52] further refine this structuring by linking stakeholder needs
to both functional and non-functional requirements. Functional requirements describe the system’s observable
behaviors and services (e.g., enabling a user to download a digital resource), whereas non-functional requirements
define quality attributes such as performance, usability, security, or reliability (e.g., ensuring that the download
operation completes within an acceptable time frame). The Volere Shell template (Fig. 2) provides a structured
mechanism for capturing requirements in a manner that facilitates testing, traceability, and progressive refinement
toward implementation.
In this work, we define a User Interface requirement as a specific, measurable, and verifiable specification

describing how the UI of an interactive application should appear, behave, or operate to satisfy stakeholder
needs. UI requirements encompass presentation aspects (e.g., visual layout and styling), behavioral aspects (e.g.,
interaction flows and state transitions), and operational aspects (e.g., system responses to user input). They
specify the UI widgets, interaction patterns, interaction modalities, and techniques necessary to achieve the
intended user experience.
UI requirements typically address properties related to user experience [11], such as visual organization,

navigation structure, responsiveness, accessibility, usability criteria, and the integration of UI components. To be
effective, they must be expressed with sufficient clarity to guide designers and end users conceptually, while
remaining precise and actionable for developers and testers during implementation and validation.
Furthermore, UI requirements are characterized as either intentional or extensional [13]. Intentional require-

ments articulate general principles, desired properties, or high-level design objectives. Extensional requirements,
in contrast, are grounded in specific instances [6], concrete scenarios [3], predefined examples and user sto-
ries [47], storyboards [23], or annotated mockups [24,25]. This distinction is particularly relevant in crowd-based
design contexts, where requirements may emerge either from abstract expectations or from direct interaction
with concrete design artifacts.

2.1 Requirements Engineering and Elicitation
Pekkola et al. [51] argue that ”different communication means for gathering and elucidating requirements in a
workplace would produce better systems from the end-users’ point of view.” Communication with end-users
during the development process is key to understanding their needs.
There are several tools for supporting requirements engineering and requirements elicitation in general, but

they are not targeted to UI requirements. ReqView is a requirements management tool enabling stakeholders to
manage Volere requirements throughout the development life cycle structured according to a V-model, where
each step should be verified and validated. While ReqView provides templates for various aspects of the software,
such as the technical constraints or the business requirements, it does not offer any template regarding UI aspects,
which is an intrinsic drawback for interactive applications. In addition, this software runs locally, therefore
not appropriate for crowd elicitation. Storywise is specialized in the efficient and AI-assisted creation and
initial structuring of requirements, such as user stories, tasks model, acceptance criteria, from diverse, often
unstructured inputs.
Sucre (Scenario and Use-Case based Requirements Engineering) [3] consists of a software framework based

on a UI model (UCM-UI), a UI model enriching Use Case Maps (UCMs) with a visual notation for modeling
and specifying the UI requirements. Scenarios and use cases are the means to capture and represent the UI
requirements to be communicated to the project stakeholders, mainly the end-users but not only. The consistency,
completeness, and precision of the UCM-UI model are validated using heuristics. Sucre also defines metrics
to predict usability from scenarios and use cases, such as simple structural measures, content-sensitive, and
task-sensitive metrics. To gracefully evolve from informal requirements to more formal ones, Sucre starts from
the semi-formal requirements expressed in UCM-UI and ends up with formal requirements expressed in UML and
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Underline Highlight Enclosure Margin bar Brace Call-out/arrow Drawing

Fig. 3. Classification of annotation types for an electronic document [63].

LOTOS specifications. The USE software [75] provides UI elements from the user/task model and examines the
usability of the designed UI through the storyboarding mechanism. WebStruine [59] also enables stakeholders
to capture UI requirements specifically while RedSeeds [78] is not restricted to UI requirements. While this
facility is important, it does not enable the stakeholders to create UI elements and to annotate them, as does
Panda [25] to decide the best UI alternatives and options finally.
In sum, existing software supports managing requirements in general or UI requirements in particular, but

without linking them explicitly, therefore leaving intentional UI requirements aside.

2.2 Elicitation for User Interfaces
Crowdlicit [1] is a software for conducting distributed end-user elicitation and identification studies [2] to be
performed online using a crowd of participants and produce quality results in a very short amount of time. To
elicit UI requirements on actions such as voice commands, icons, button labels, menu items, and gestures, the
process is decomposed into four stages: (1) create a labeled study with a description explaining the purpose of
that study, (2) choose referents corresponding to an action to be executed, (3) select a symbol type specifying
how to invoke the referents (e.g., "please open/close this file"), (4) fill out user-intended questions, and (5) analyze
its results. CrowdSensus [2] is a crowd-based tool enabling researchers to crowdsource the similarity judgments
central to agreement analysis as provided by Crowdlict using five automatic clustering algorithms to analyze the
requirements elicited from end-users: steepest-ascent hill climbing, shotgun hill climbing, simulated annealing, a
genetic algorithm, and correlation clustering. CrowdSensus relies on Amazon Mechanical Turk (AMT) to send
the study to a crowd of participants.

Gelicit [45] is an online application for gesture elicitation in which stakeholders can enter gesture proposals
for future commands of the system using different sensors. Although this software limits the types of gestures,
such as stroke gestures and webcam-based mid-air gestures, it enables stakeholders to perform the elicitation in
a distributed way. GestureWiz [61] does a similar job for gesture elicitation studies [72]. Hesenius et al. [27]
performed a gesture elicitation study about expressing spreadsheets operations through sketching to observe
that many syntactical variations emerge for gestures elicited for the same command. For example, to select a cell
or a range of cells, participants proposed gestures such as a strike, an underline, an enclosure, a squiggly line,
a "X" mark, and a gross point. While these gestures are aimed at executing the corresponding command, their
representation can be considered as another set of annotations for spreadsheets. In a follow-up to this elicitation
study, Leson et al. [38] found no difference in execution time between commands given verbally and gesturally,
but noted that this depends primarily on the user’s native language. SnappView [18] supports the UI prototyping
stage by enabling stakeholders to submit UI elements and to freely annotate them, but these annotations are not
recognized and the fragments are not linked to requirements.
In sum, the elicitation currently supported by the tools seems limited in terms of coverage (a single step is

generally covered, but no more, without continuity), requirements (mostly expressed implicitly, not explicitly),
symbols manipulated (mainly elicited gestures), links between the various concepts useful for elicitation. In
addition, the annotation stage is blended into a more general process, without being treated as an integral part of
it. That is why we devote the following sub-section to it.
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Arrow Call-out

A paragraph of text
A second row of text
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A paragraph of text
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Red X Scratch out Comment

Fig. 4. Annotation types of Balsamiq.

2.3 User Interface Annotation Types
In UI engineering, an annotation is a mark made on a mockup or prototype to give instructions about specific UI
components that need modification. For example, the term annotation comprises several methods in situations
involving text, including underlining, circling, striking out, highlighting text, and writing additional comments
in the margin [29]. For example, Sutherland et al. [63] analyzed a large number of references related to inking
of electronic documents to identify seven annotation types (Fig. 3): underline, highlight, enclosure, margin bar,
brace, call-out/arrow, and drawing.

These activities stimulate critical thinking in a process called active reading [62], a reading activity determined
to understand and evaluate the mockup for its relevance to the end user’s needs. In addition, annotations serve
as a communication technique between designers, developers, and other stakeholders working on software
development. An important role for annotations is to act as signallings for important information [18,25], and
providing such information helps ensure that the software meets the UI requirements and that all stakeholders
have a clear understanding of its design, no matter the form or purpose of the annotations.

Ovsiannikov et al. [50] discuss software annotation technology and the design of annotation. After reviewing
21 annotation software, Li et al. [39] classify annotation types into six major categories in terms of the target
audience (human or computer), the rendering system (static or dynamic), the used media (physical or digital), the
usage and functions of the annotation (semantic or procedural), the location of the annotation storage (in-line or
stand-off) and the representation used for the annotation (freestyle or structured). According to this classification,
Crowditivity envisions enriching UI requirements with annotation types targeted at both human and computer
(for automatic recognition), semantic and procedural, in-line (since represented within the application), structured
and freestyle (depending on the annotator prefers to rely on the gesture vocabulary for annotation or not). While
these papers are useful categorizing annotation types, none of them address annotation types in UI development.

2.4 Commercial Annotation Tools
Balsamiq offers a single annotation type, i.e., a sticky textual note (Fig. 4), that can be drawn with five stencils
called callout, pointer (e.g., an arrow), bracket, speech bubble, and thought bubble, to point towards actionable UI
elements of the mockup that deserve some attention. These annotations are typically added as notes, callouts, or
overlays in design tools like Figma, Adobe XD, or Sketch, or included in detailed design documentation. They
ensure clarity and alignment across teams during the development process.

By reviewing related work, we observe that the main annotation types found in commercial annotation tools
and research efforts are diverse: functional annotations (e.g., "the functionality of this push button is not clear"),
interaction annotations (e.g., "how to reorder items in this list"), visual annotations (e.g., the padding of this
widget is too high), behavioral annotations (e.g., "why this dropdown menu appears with a fade-in animation
so fast?"), accessibility annotations (e.g., "the text contrast ratio does not meet WCAG AA standards"), content
annotations (e.g., "this error message is not concise"), conditional annotations (e.g., "Why displaying an error
message if the form is submitted ?"), linkage annotations (e.g., "Clicking ’Next’ does navigate to the Payment
screen"), and responsive design annotations (e.g., "This sidebar should be hidden on mobile devices". There is no
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precise existing classification of annotation types used in UI development and even less any understanding of
how end users could convey these annotations by gesture.

In contrast to the aforementioned efforts, Crowditivity jointly supports the UI requirements elicitation stage
and the UI early design stage by prototyping and to link them to preserve these contents for the rest of the
development life cycle. None of the above tools automatically recognizes the annotations. Indeed, creating and
iterating on UI mockups is a crucial but time-consuming stage in the development life cycle. Gesture recognition
streamlines this process by allowing stakeholders to annotate mockups intuitively through simple gestures, which
are then translated and classified into annotations or UI elements. This should reduce reliance on manual tools,
preserves creative flow, and enhances collaboration by providing a universal, easy-to-adopt gesture language.

2.5 Why Gestural Annotation of User Interface Requirements
Using 2D stroke gestures [77] to annotate UI requirements can be justified from both a user experience and a
requirements engineering-efficiency perspective.

First, 2D stroke gestures provide a natural and intuitive mode of annotating requirements and associated mock-
ups. Stakeholder are already accustomed to drawing, circling, underlining, and sketching on paper mock-ups and
prototypes. Translating this behavior into an interactive application reduces the cognitive load required to learn
new tools. Instead of navigating complex menus and selecting menu items, stakeholders may associate stroke
gestures to these commands [5,27] to simply “mark up” mock-ups in a way that feels immediate and familiar.
Second, stroke gestures enable faster and more expressive communication [14]. Traditional requirement

annotation methods, such as written comments or structured forms, can be time-consuming and do not capture
spatial intent. Stroke gestures instantly convey meaning [37] while preserving the spatial relationship between
UI elements and the feedback itself, which is critical where requirements and mock-ups positioning matter.
Studies [41,65] demonstrate that informal, stroke-based input supports faster and more effective communication
of stakeholders’ reactions compared to comments expressed in other modalities [7], such as textual or vocal [38].
Third, stroke-based annotation supports iterative and collaborative requirements elicitation [55], especially

when the requirements are elaborated in-context [54]. In early-stage of the life cycle, UI requirements may evolve
rapidly. Stroke gestures allow users to annotate directly [28] on mock-ups, wireframes, or prototypes without
interrupting the flow of participatory design [17]. In collaborative settings, multiple stakeholders can annotate
simultaneously or asynchronously. Stroke gestures can be efficiently recognized by gesture classifiers [43].

Finally, stroke gestures enhance traceability and context retention, which is vital for validating the requirements
elicited [33]. Because annotations are directly overlaid on the UI artifacts they refer to, the original context of
each requirement is preserved [54]. This makes it easier for developers and designers to understand the rationale
behind changes and reduces ambiguity compared to detached textual descriptions.

3 A Gesture Elicitation Study for Annotation Types
Based on a literature investigation (Fig. 1-a) on annotation types in various domains [63], including engineering
interactive systems [1,18,25,29,39,53] (see Section 2.3), we classify annotation types into six major categories:

(1) Shape: This group includes annotations related to the shapes drawn on an image. Annotation types such as
"Line" are used as basic shapes, while "Add" and "Delete" are used to add and remove elements, respectively.
"Select" is used to select, designate, or identify an element.

(2) Position: This group includes annotations related to moving an element in an image. "Move left," "Move
right," "Move down," and "Move up" are typically used to move an element in any direction.

(3) Rotation: This group includes annotations related to rotating and flipping elements in an image. "Rotate
left" and "Rotate right" are used to rotate an element counterclockwise and clockwise, respectively.
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Fig. 5. Canvas for gesture proposal input. Fig. 6. Gesture proposals of a participant.

(4) Zoom: This group includes annotations related to the size of an element. "Enlarge" or "Zoom in" and
"Shrink"/"Zoom out" are used to increase or decrease the size of an element, respectively.

(5) Feedback: This group includes annotations related to the feedback given by the users regarding a specific
element. "Confused" is used when a participant is uncertain about what a specific element is used for,
while "Good" and "Bad" are used to indicate whether the element is correctly designed or not. "Attention"
indicates that the element in the mockup is important and requires some attention.

(6) Requirement: This group includes annotations related to the existence of an element in an image. "Required"
indicates that an element is mandatory, while "Optional" is used to indicate that it is not.

Since no consensus existed on suitable representations for these annotation types [63] and since participants
usually come up with many syntactical variations [27], we need to design a user-defined gesture vocabulary [74]
tailored to UI annotation types. Therefore, we conducted a Gesture Elicitation Study (GES) [72,73], a participatory
design technique [51] in which participants are instructed to propose a gesture in response to a referent expressing
a future command (here, an annotation) of the system (Fig. 1-b) (see [70] for a review).

3.1 User Study
3.1.1 Stimuli. We defined a set of 18 referents [72] representative of frequent annotation types executed dur-
ing UI requirements elicitation based on the six categories: line, move left/right/up/down, add, delete, select,
required/optional, good/bad, confused, attention, enlarge/zoom in, shrink/zoom out (Table 1).

3.1.2 Apparatus. We developed a Form crowd-based application that captures the participant’s gestures in a
way that is distributed in time and space, inspired by CrowdLicit [1] and Gelicit [45], a primordial feature of
crowd-based approaches. Fig. 5 reproduces a screenshot where a simple instruction is prompted (e.g., "Please
draw a symbol to select an element") to avoid visual priming [48] and making any reference to any representation
or look & feel. We developed this application specifically for the acquisition of stroke gestures, so that each
participant can acquire each proposal in his or her own work environment, but also with the aim of retaining
the gestures insofar as the corresponding class will be retained later for training. This acquisition of gestures in
an environment familiar to the participant will be representative of gestures intended to train the recognizer.
Usually, gesture acquisitions in elicitation and training are dissociated. Here, we combine them to cover as many
natural gesture articulations as possible.

3.1.3 Procedure. We used a within-subject design where participants were elicited for one gesture per referent.
After signing a GDPR-compliant consent form, participants completed a sociodemographic questionnaire, provid-
ing information about their age, gender, and handedness, and their use of computer technology. Subsequently,
the participants were instructed to propose suitable gestures to annotations, i.e., gestures that fit referents well,
are easy to produce and remember, and remain as natural as possible. The order of the referents was randomized.
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Table 1. The 18 referents selected for annotation types in Crowditivity.

Annotation type Description Category

Line Annotate a UI element by underlining, strikethrough,... Shape
Move left Annotate a UI element to be moved to its left Position
Move right Annotate a UI element to be moved to its right Position
Move up Annotate a UI element to be moved up, e.g., to the top of the mockup Position
Move down Annotate a UI element to be moved down, e.g., to the bottom of the mockup Position
Add Annotate a UI element to be added Shape
Delete Annotate a UI element to be removed from the mockup Shape
Select Annotate a UI element to designate it for further comments Shape
Required Annotate a UI element to mark its mandatory character Requirement
Optional Annotate a UI element to mark its facultative character Requirement
Good Annotate a UI element that is adequately designed Feedback
Bad Annotate a UI element that is not appropriately designed, to be improved Feedback
Confused Annotate a UI element considered unclear Feedback
Attention Annotate a UI element to draw attention on it Feedback
Zoom in Annotate a UI element to request enlargement Zoom
Zoom out Annotate a UI element to request shrinking Zoom

3.1.4 Participants. Twenty-six volunteers (𝑛1=26, 12 women and 14 men), aged between 18 and 57 years old
(𝑀=28.77, SD=9.41, Mdn=25.5), were conveniently recruited via contact lists in different organizations. Their
occupations included people working in administration (e.g., secretary, clerk) and social sciences (e.g., psychology,
law, communication, economics, and management). All participants reported very frequent use of computers
(M=6.81, SD=0.56,Mdn=7 on a 7-point Likert scale [40] with items ranging from 1=strongly disagree to 7=strongly
agree) and smartphones (M=6.73, SD=0.71, Mdn=7), less frequent use of tablets (M=3.27, SD=2.30, Mdn=2.50), no
dexterity impairments, and had normal or corrected-to-normal vision.

3.2 Results and Discussion of the Elicitation Study
We collected 26 participants × 18 annotation types = 468 gesture proposals (see Fig. 6 for gestures proposed
by the participant 𝑃9), which were clustered into groups by similarity [9] (Table 2), inspired by the inverse
dissimilarity [67]. For example, Fig. 7 shows how this clustering (Fig. 8) is applied to participant 𝑃2.

We then computed the Agreement-Rate (AR) [69], a measure of the level of consensus between the proposed
gestures that produces values in the [0, 1] interval. We computed ARs with AGATe [69] and interpreted their
magnitudes according to thresholds of 0.10 (low), 0.30 (medium), 0.50 (high), and above (very high). Fig. 9 shows
the distribution of the agreement rates in decreasing order of their magnitude for the 18 annotation types. Overall,
ARs ranged from a maximum of 0.99 for "Line" to a minimum of 0.09 for "Optional" with an average level of
agreement of 0.47 (SD=0.23, Mdn=0.5), representing high agreement according to our interpretation rules for ARs.
The “Line” referent obtained the maximum rate since it already conveys the shape of the representation, even if
participants produced different types of lines, some dashed, some ragged. The average rate is high, especially
compared to the rates found in other GES, which are usually below 0.02 [71] (e.g., Gheran et al. [21] reported an
average agreement rate of 0.112 for smart ring gestures to control devices and Zaiti et al. [76] reported 0.158 for
mid-air gestures acquired with the Leap Motion controller for TV control), thereby suggesting that participants
truly agreed among themselves about their proposals.
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Referent Classification Groups

Add 1, 2, 3, 4, 5
Attention 7, 8, 9, 10, 13, 14
Bad 15, 16, 17, 19, 20, 21
Confusion 18, 24, 25, 26
Delete 16, 27, 29
Good 32, 33, 34, 35, 36
Line 28
Move Bottom 37, 39
Move Left 31, 40, 41
Move Right 42, 43
Move Top 44, 46
Optional 22, 23, 48, 49, 50, 51, 53, 54, 55, 56, 57
Required 11, 58, 59, 60
Rotate Left 38, 63
Rotate Right 45, 62
Select 30, 52, 65, 66
Zoom in 47, 67, 68, 69
Zoom out 12, 70, 71, 72, 73, 74

Table 2. Assignment of gestures to classification groups [9].Fig. 7. A classification of gestures proposed by a participant.

Add

Attention

Bad

Confusion
Delete

Good

Move to bottom

Optional

Move to right

Required Zoom in

Zoom out

Fig. 8. Examples of templates by classification group.
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Fig. 9. Stroke gestures elicited for our annotation types sorted in decreasing order of their agreement rate 𝐴𝑅(𝑟 ).

We determined 5 ranges for the Level-of-Agreement: very high for a rate higher than 0.5 (9/18=50% of
the referents), ranging from "Line" to "Move to top", high for a rate between 0.3 and 0.5 (3/18=17%), such as
"Confusion", "Good", and "Delete", medium for a rate between 0.1 and 0.3 (5/18=28%), such as "Attention", and
"Zoom out", and low for a rate less than 0.1 (1/18=5%). Every referent above the average is considered outstanding
compared to the others.
We also computed the co-agreement rate [69] to investigate whether gestures proposed for related referents

were also in agreement with each other: CR ("Rotate left", "Rotate right")=0.545, CR ("Move to top", "Move to
bottom", "Move to left", "Move to right")=0.529, CR ("Add", "Delete")=0.335, CR ("Good","Bad")=0.191, CR ("Optional",
"Required")=0.065. All gestures proposed for movements reached a very high consensus, while others reached a
medium and a low consensus, particularly for the optional character of an annotation.

4 A Gesture Identification Study for User Interface Annotation Types
While a gesture elicitation study [73] consists of an open-ended and exploratory study to gather ideas from
participants, such as about their preferences for gestures, a gesture identification study [2] consists of a closed,
structured, and confirmatory study to validate ideas submitted by participants, such as their preferred gestures
for some referents [20].
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4.1 Method
Therefore, we conducted a gesture identification study to confirm and validate (Fig. 1-c) the previous consensus
set of gestures (Fig. 9). Conducting this kind of study helps establish a common understanding among participants
regarding the gestures corresponding to the annotation types being identified. By asking participants to identify
which annotation they would prefer among a set of predefined options, it provides information on the consistency
of the participants’ interpretations of each annotation type. This information should improve the way we annotate
certain UI elements, making them more useful in practice which impacts the decisions that need to be taken
regarding the implementation of gesture recognizer.

4.1.1 Participants. Fifty-nine volunteers (𝑛2=55, 22 women, 37 men), aged between 18 and 57 years (M=29.10,
SD=8.50, Mdn=25), from 15 different countries located in four continents, i.e., Africa, North America, Europe, and
Asia) who did not participate in the early elicitation. All participants reported frequent use of computers (M=6.34,
SD=1.39, Mdn=7 on a 7-point Likert scale [40]) and smartphones (M=6.03, SD=1.44, Mdn=7), less frequent use of
tablets (M=2.47, SD=1.84, Mdn=2), no dexterity impairments, and had normal or corrected-to-normal vision.

4.1.2 Stimuli. For each annotation type, we have retained the three most frequently proposed gesture repre-
sentations for which the agreement rate was the highest (see rightmost column of Fig. 9) to obtain a set of 18
annotations × 3 representations = 54 options. A small database of PNG files was created for this purpose.

4.1.3 Apparatus. Similarly to the GES (Section 3), we developed a QuestionPro crowd-based questionnaire that
randomly presents the various representations for each annotation type and asks the participant to select the
most preferred one among the set of proposals.

4.1.4 Procedure. We used a within-subject design where participants, after signing a GDPR-compliant consent
form, completed the same socio-demographic questionnaire and were instructed to select the most preferred
option for each annotation type among the 3 representations presented 1. The participants were then instructed to
select one option: "In the following series of questions, several options of annotation types will be displayed. Your
task is to select the option that is the most appropriate according to the instruction describing which annotation
type should be used."

4.2 Results and Discussion of the Identification Study
The interactive session lasted M=141.56 sec on average (SD=101.58 sec, Mdn=106 sec, Min=52 sec, Max=654
sec). Fig. 10 shows the percentage of preference for all options. Options that were never selected are omitted.
For example, Q1="Which annotation would you prefer to draw attention to an element?" accepted the A51
signpost and the exclamation point in 67.80%, 32.20% of cases, respectively. Some annotation symbols were more
commonly selected across the participants, indicating a shared understanding and a common ground. Based on
these results, we selected 10 templates per annotation representation acquired in the elicitation study to train
our classifier. We therefore transferred 10 templates × 18 annotation types = 180 samples to the classifier of
Crowditivity (Fig. 1-e).

1Instruction: "Hello, you are invited to participate in our study related to the evaluation of annotation types. Your participation in this study
is completely voluntary. There are no foreseeable risks associated with this project. It is very important for us to know your opinion on
certain representations. Your responses will be strictly confidential and data from this research will be reported only in the aggregated form.
Your information will be coded and will remain confidential. Thank you very much for your time and support. Please start with the study
now by clicking on the Start button below."
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1. Which annotation would you prefer to draw an attention to an element?

2. Which annotation would you prefer to delete an element?

3. Which annotation would you prefer to select an element?

4. Which annotation would you prefer to add an element?

5. Which annotation would you prefer to zoom-out on an element?

6. Which annotation would you prefer to zoom-in on an element?

7. Which annotation would you prefer to rotate an element to the left?

8. Which annotation would you perform to rotate an element the right?

9. Which annotation would you perform to move an element upward?

10. Which annotation would you prefer to move an element downward?

11. Which annotation would you prefer to move an element to the left?

12. Which annotation would you prefer to move an element to the right?

13. Which annotation would you prefer to annotate that an element is well designed?

Option 1:
32.20%

Option 2:
67.80%

Option 1:
94.92%

Option 2:
5.08%

Option 1:
72.88%

Option 2:
27.12%

Option 1:
61.02%

Option 2:
38.98%

Option 1:
49.15%

Option 2:
6.78%

Option 3:
44.07%

Option 1:
38.98%

Option 2:
10.17%

Option 3:
38.98%

Option 1:
49.15%

Option 2:
50.85%

Option 1:
62.71%

Option 2:
37.29%

Option 1:
88.14%

Option 2:
11.86%

Option 1:
86.44%

Option 2:
13.56%

Option 1:
88.14%

Option 2:
11.86%

Option 1:
88.14%

Option 2:
11.86%

Option 1:
86.44%

Option 2:
13.56%

Fig. 10. Questions, options, and preferences resulting from the identification study.

5 Implementation of Crowditivity
To implement Crowditivity, we adopted a full-stack software architecture (Fig. 11) decomposed as follows. For
the front-end part, we worked with:

• ReactJS: a popular and widely-used JavaScript library that helps in building professional UIs. ReactJS has
a lot of good practices, it is easy to use, and it supports reusable components, which help in writing the
code once and reuse it multiple times in different places in the application, which can significantly reduce
development time. It provides good performance thanks to its implementation of Virtual DOM, whose
primary objective is to enhance the overall performance of the application, unlike other traditional HTML
which is built on a real DOM. It updates only the changed components, which reduces the number of
renderers and improves the loading speed. ReactJS uses JSX, which is JavaScript + XML, that allows us
to write HTML-like syntax in the JavaScript code. JSX can be perceived as confusing, especially in large
projects. When the application grows, additional tools are required, such as extra libraries to complete the
desired functionalities, which complicates.

• Tailwind CSS: a utility-first CSS framework that has pre-defined UI classes to be used on the fly. These
pre-built classes can be used to create designs without writing all the CSS from scratch. Tailwind CSS also
provides a high level of customization, allowing us to tailor the default styles of the ReactJS application.
This approach means that each CSS class is specifically built to perform specific results, making it easier
for us to style the UI elements. Having to think about how to create a responsive application can be time
consuming and a lot of additional work in the development process, but Tailwind CSS includes responsive
design classes, which allow us to create responsive UIs that can adapt to different screen sizes. However,
the classes are well designed in a way that facilitates the design-for-change to the end user’s needs.
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Fig. 11. Software architecture of Crowditivity.
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For the back-end part of Crowditivity, we decided to work with these technologies:

• Google Firebase: a cloud-based platform for web development that has many features such as cloud storage,
authentication, and hosting. We chose Firebase because it provides a scalable infrastructure that allows us
to focus on creating the website’s functionalities rather than managing the database infrastructure from
scratch. Firebase provides a high level of security as well as authentication features that can help protect
users’ data from any DDoS attacks or hackers trying to break into the application to get users’ personal
information. Hosting on Firebase is helpful to make the crowd-based application accessible to users when
launched in production. Firebase has automatic backups and recovery features, which can help protect
against data loss in case of system failure. Since the main focus is developing a crow-based application
to elicit UI requirements, Firebase functions, such as "Analytics", help us to understand user behaviors,
engagement, and how they are using the application to improve the user experience. A disadvantage of
Firebase is that it may not be suitable for complex data queries which makes for slower query times.

• Redux: an easy-to-use predictable state container. It is a state management library that works along ReactJS
to efficiently manage the application’s state. ReactJS main concept is having stateful components that are
rendered when needed, so it is like a centralized store where the state of the entire application is stored.
Using Redux can be beneficial because of its ability to manage states in an organized way. When the
application fetches data from Firebase, it typically makes an asynchronous API call to retrieve data, so this
API call takes time. Requesting the same data multiple times may result in unnecessary API calls. Redux is
a great solution for these problems by storing the fetched data in a global state container that is accessible
at any time and in any component of the application. This can improve the performance of the application.
A drawback of using a state management library such as Redux is that overusing it to store every state can
lead to performance issues. Too much data stored can slow down the application and increase memory
usage.

5.1 Gesture Recognition of Annotations
To recognize the gestures associated to the 18 annotations, we selected $P+ [66], an updated version of the $P
recognizer [68] that significantly improves recognition accuracy and execution speed for gestures produced by
people, including those with low vision. $P+ has been trained with a curated dataset of 10 templates X 18 gesture
classes = 180 samples (Fig. 1-f), yielding an overall recognition rate of 98.2% with a system response time below 1
sec. This recognizer was selected for the following reasons: its accuracy is among the best recognizers [44] with a
small amount of templates [66], its complexity is moderate [43], it works for both uni- and multi-stroke gestures
in an articulation-independent setup. The name is derived from the $-family of recognizer algorithms, and the
"P" means that this algorithm is a point-based recognizer so it makes use of "Point clouds". $P+ introduced two
main upgrades from its previous version: optimal alignment and exploiting the shape of the point cloud. The
optimal alignment between two points works by having each point from a cloud to be matched with another
point that has not been matched before because they are represented as the optimal option when points are
matching. However the upgrade that was made in $P+ was, instead of matching the first point from a cloud
to a "unmatched" point from another cloud, the algorithm would now match the closest points even though
they were already matched earlier, this change resulted to be faster since the time complexity has decreased
by approximately 34.1% from 𝑂 (𝑛2.5) to 𝑂 (𝑛2). The second change was to exploit the shape structure, since $P
was creating a set of 2D stroke gesture points without any ordering, this means that the algorithm disregarded
any connections between point a and point b. $P+ introduced a solution to that problem by adding angles for
matching points to improve the recognition accuracy. The turning angles capture the curvature of a gesture,
which is an important feature for accurate recognition.
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Below we can see the pseudo-code used for the $P+ recognizer [66]. This recognizer will recognize gestures
that were drawn by comparing them to a predefined template. The normalize function is used to transform an
input gesture to a standard size and position, this process makes it easier to compare with other gestures. For each
template gesture, it normalizes it to the same fixed length as the input gesture and then calculates the distance
between these two gestures. The minimum distance is stored in a variable "d", and if this value is less than the
current score, the score is updated to "d". Finally, the output of this algorithm returns the result and the score.

1 # $P+RECOGNIZER (POINTS C, TEMPLATES templates)

2 n <- 32

3 NORMALIZE(C, n)

4 score <- infinity

5 for all T in templates do

6 NORMALIZE(T , n) // should be pre -processed

7 d <- min (CLOUD -DISTANCE(C, T ), CLOUD -DISTANCE(T,C))

8 if score > d then

9 score <- d

10 result <- T

11 return <result , score >

The pseudo-code shown below is related to the cloud distance algorithm which is used in $P+ to compute the
distance between two point clouds. This algorithm allows one-to-many matches, so that each point in one cloud
can be matched with multiple points in another cloud. The algorithm works by having for each point in cloud C
find the closest match in cloud T and stores the index of the match in an array. After that, the distance between
the matched points is added to the variable called "sum". Next, for points in cloud T that were not matched, it
finds the closest match in cloud C and adds the distance to the variable "sum" which is then returned as output.

1 # CLOUD -DISTANCE (POINTS C, POINTS T , int n)

2 matched <- new bool[n]

3 sum <- 0

4 // match points from cloud C with points from T ; one -to-many matchings allowed

5 for i = 1 to n do

6 min <- infinity

7 for j = 1 to n do

8 d <- POINT -DISTANCE(Ci , Tj )

9 if d < min then

10 min <- d

11 index <- j

12 matched[index] <- true

13 sum <- sum + min

14 // match remaining points T with points from C; one -to-many matchings allowed

15 for all j such that not matched[j] do

16 min <- infinity

17 for i = 1 to n do

18 d <- POINT -DISTANCE(Ci , Tj )

19 if d < min then min <- d

20 sum <- sum + min

21 return sum
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Create and describe a UI Study Manage Mockups, Prototypes Manage and Assign VOLERE UI requirements
Annotate Mockups, Prototypes

Recognize and Classify annotations

Fig. 12. Crowditivity walkthrough for user interface requirements elicitation by crowdsourcing.

5.2 System Walkthrough and Software Architecture of Crowditivity
Crowditivity consists of a crowd-based web application where stakeholders can create, annotate, and review
UI requirements during crowd elicitation (Fig. 12). Crowditivity enables any stakeholder to create a study,
add a UI requirement and associated UI elements (e.g., images, screenshots, or mockups), and annotate them
according to the annotation types defined. These are resulting from forward engineering (e.g., from business
process analysis [60]) or reverse engineering (e.g., by recovering existing UIs [10], UI scenarios [3]) that would
help them collect, manage, and understand their UIs, and review their previous work. A focus group involving
three UI designers (one of them is also an experienced developer) and an HCI researcher (Fig. 1-d) elaborated
and agreed on five activity diagrams (see Appendix A) expressed in Unified Modelling Language (UML) V2.5 to
structure the process of Crowditivity (Fig. 12) as follows (Figs. 16 and 1-f).

5.3 Create a Study
Elicitation studies can be seen as middleware between what was designed on a mock-up and what is coded.
To prevent miscommunications between the designers and the developers working on the UI, and to avoid
misleading information about what will be done on this software, this stage should prevent such problems from
occurring. When stakeholders want to create a study (see the activity diagram in Fig. 17), they are authenticated
by email verification and are requested to add their demographic information if they want, such as first name, last
name, age, gender, education, level of experience, etc. The user creates a new study by adding a title, providing a
description, and adding an image that serves as a reference preview (Fig. 12). The user then follows a tutorial
on how to create effective UI requirements and is enabled to add a new requirement (Fig. 18) using the Volere
(Fig. 2) template extended with fields that are specifically tailored to UI requirements elicitation:

• UI Requirement Title: a title used to identify different requirements
• UI Requirement ID: a unique Identifier for each requirement
• UI Requirement Type: functional or non-functional requirement
• Event number : list of events
• Use case number : use cases that need this specific requirement if any
• Description: a one-sentence statement of the intention of the requirement
• Rationale: a justification of the requirement
• Originator : the stakeholder who raised this requirement
• Fit criterion: a measurement to test if the solution matches the original requirement
• Customer satisfaction: the degree of stakeholder’s happiness (from 1 to 5) if this requirement is implemented
• Customer dissatisfaction: the degree of stakeholder’s unhappiness (from 1 to 5) if this requirement is not
implemented
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• Priority: the relative importance of the requirement (Not important, Important, Very important, and Crucial)
• Conflicts: if another requirement affects this requirement
• Supporting Materials: pointer to document that illustrates and explains this requirement
• History: creation date and if any changes were made to this requirement

At any time, the user can upload any image of a mockup, such as a wireframe or a sketch, which automatically
generates a UI requirement template by default. If needed, the main image can be enriched with 5 additional
images to depict a scenario, a task (e.g., according to a task model), or a sequence of actions. New UI requirements
can also be attached to these images at any time. In sum, an image containing UI elements can be assigned to one
to many UI requirements and a UI requirement can be assigned to many images (Fig. 39).

5.4 Add an Annotation
As soon as a study is ready, Crowditivity generates a URL to be shared to annotators who can connect and start
annotating the mock-ups and their UI elements by gestures corresponding to the 18 annotation types (Fig. 9).
Since color coding is largely utilized in studies for feedback [4], the annotator can annotate using three different
colors, i.e., red, green, and blue, based on how important each change is: "red" indicates that this change has the
highest priority among all annotations, "green" and "blue" indicate that this change has a normal and low priority,
respectively. The ability to annotate is important in UI requirements engineering because it allows designers to
highlight specific features relevant to the UI itself [22,25]. Adding an annotation on a UI element is characterized
by (Fig. 39):

• Input mechanism: the name of the devices used for gesture input (e.g., a mouse, a trackpad)
• Document type: the format of the document being annotated (e.g.,.png, .jpeg, .jpg, .svg)
• Overview of adding annotations: a collection of multiple user-generated gesture inputs on an image to be
recognized

• Annotation types recognized: a list of recognized gestures with the name of the annotation type
Crowditivity stores an annotation with 3 attributes:
• Annotation name: the user’s name for the image that will be annotated
• Marking up: the marking of the annotation based on different colors (i.e., red, green, or blue)
• Data transfer : the link to all annotations produced by an annotator, which will be accessible on the user’s
"My Annotations" page.

5.5 Review the Study
We discussed the functionalities of Crowditivity, a crowd-based web application that enables users to design
their studies and annotate various types of images representing themockups and their UI elements, thus facilitating
a deeper understanding of the UI, which may require modifications in its design. Within Crowditivity, each
user is assigned a personal account to create studies and annotations, allowing them to track their activities
effectively. This feature provides users with visibility into their progress, fostering improved engagement. As a
result, users are likely to feel more invested in their experience, which enhances their motivation to continue
using the application. Crowditivity enables its users to access, edit, and check the user studies they created, the
annotations they produced, the UI requirements, and the respective images that were created in each study.

6 Evaluation Experiment
After outlining the software’s design (Fig. 1-d) and describing its implementation (Fig. 1-f) including its classifier
(Fig. 1-e), we are now in a position to assess how designers perceive its use (Fig. 1-g). To evaluate Crowditivity,
we conducted an experiment with 8 participants who did not participate in the previous studies (1 woman, 7 men,
aged from 19 years to 37 years), who already contributed to some UI design process, with moderate to extensive
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experience (Fig. 1-g). For this purpose, we created a case study with Crowditivity (see video as supplementary
material) in which participants were instructed to enter 2 requirements, to associate them to 3 images resulting
from a wireframe process with Balsamiq, and to annotate them freely. At the end of this process, participants
were asked to fill out a UEQ+ form, a questionnaire resulting from applying the modular evaluation method
UEQ [57]. UEQ+ is a modular extension of the User Experience Questionnaire (UEQ) [56], which is an end-user
questionnaire to measure user experience quickly, simply, and immediately while covering a comprehensive
impression of the user experience [57]. As a modular extension, UEQ+ has more user experience (UX) scales
compared to UEQ and can be used to evaluate products in special scenarios. UEQ+ is designed to gather feedback
from users about their subjective experience. In addition, the effort to set up a UEQ+ for a project can create
a deeper common understanding of the UX requirements and their importance in the project team and create
additional value. We chose to measure the user experience using 9 scales (each scale consists of four statements
to evaluate on a 7-point Likert: 1=worst, 7=best):

• Attractiveness: Overall impression of Crowditivity. Do users like or dislike it?
• Efficiency: Can users solve their tasks without unnecessary effort? Does it react fast?
• Stimulation: Is it exciting and motivating to use Crowditivity? Is it fun to use?
• Novelty: Is the UI design creative? Does it catch the interest of users?
• Usefulness: Does using Crowditivity bring advantages?
• Value: Does Crowditivity design look professional and of high quality?
• Visual Aesthetics: Does Crowditivity look beautiful and appealing?
• Intuitive Use: Can Crowditivity be used immediately without any training or help?
• Clarity: Impression towards order, structure and visual complexity of a graphical user interface

6.1 Quantitative andQualitative Measures
We evaluate a series of scales, where: ∀ scale 𝑆𝑖 ,∀𝑖 ∈ {1, . . . , 𝑛} decomposed into 𝑚𝑖 sub-scales 𝑆𝐶𝑖 𝑗 ,∀𝑗 ∈
{1, . . . ,𝑚𝑖 } or items to be evaluated (e.g., the scale Attractiveness is decomposed into four sub-scales: annoying
vs. enjoyable, bad vs. good, unpleasant vs. pleasant, and unfriendly vs. friendly), each sub-scale 𝑆𝐶𝑖 𝑗 being a
differential scale with 7 points between items of each pair (e.g., annoying o o o o o o o enjoyable). We measure
each sub-scale 𝑆𝐶𝑖 𝑗 employing a 7-point Likert scale with response categories “Strongly disagree” (=1) to “Strongly
agree” (=7). For each 𝑆𝑖 , we define:

(1) Subscale-Score (SS): an ordinal integer variable that measures the score for each sub-scale 𝑆𝐶𝑖 𝑗 of a scale
𝑆𝑖 , ranging from 1=“Strongly disagree” to 7=“Strongly agree”.

(2) Subscale-Importance (SI): an ordinal integer variable that measures the weight of each sub-scale 𝑆𝐶𝑖 𝑗 of a
scale 𝑆𝑖 , ranging from 1=“Least important” to 7=“Most important”.

(3) Scale-Mean-Score (SMS): a real variable that measures the average score obtained on all sub-scales 𝑆𝐶𝑖 𝑗

of a scale 𝑆𝐶𝑖 for all participants, ranging from -3=“Mostly negative” to +3=“Mostly positive” calculated as

follows: SMS(𝑆𝐶𝑖 ) =

𝑚∑
𝑗=1

SS(𝑆𝐶𝑖 𝑗 )

𝑛
− 4,∀𝑖 ∈ {1, . . . , 𝑛}, where 4 is the scale median.

(4) Scale-Mean-Importance (SMI): a real variable that measures the average weight of importance of all
sub-scales 𝑆𝐶𝑖 𝑗 of a scale 𝑆𝐶𝑖 for all participants, ranging from -3=“Mostly negative” to +3=“Mostly positive”

computed as follows: SMI(𝑆𝐶𝑖 ) =

𝑚∑
𝑗=1

SS(𝑆𝐼𝑖 𝑗 )

𝑛
− 4,∀𝑖 ∈ {1, . . . , 𝑛}, where 4 is the scale median.

6.2 Tasks
We devised four tasks to be carried out by each participant:
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Fig. 13. Scale-Mean-Scores of the UEQ+ evaluation of Crowditivity. Error bars show a confidence interval of 95%.

(1) A discovery task, in which participants received a tutorial on using Crowditivity and then interacted
freely for about five minutes.

(2) A practicing task, in which participants were instructed to practice gestures on sample mock-ups to learn
the 18 annotation types. We have developed a practice module enabling each participant to practice the
gestures corresponding to the 18 types of annotation to learn them and observe the correct operation of
the recognizer (see Appendix B for screenshots for all annotation types).

(3) An annotation task, in which participants discovered a case study for a web application and were instructed
to annotate the mock-ups corresponding to the UI requirements. No particular order was imposed. We
suggested, but not imposed, a time limit of 10 minutes. We recorded the session time in sec. Crowditivity
captured raw data about annotations and their recognition for classification

(4) An evaluation task, in which participants were instructed to fill in a UEQ+ questionnaire with the 9 scales
covering general aspects, pragmatic, and hedonic qualities [57]. Free comments could be added. UEQ+
explicitly covers pragmatic and hedonic dimensions of user experience, not just usability, it consists of
several scales to be analyzed individually and globally, there are analysis instruments and published norms
for interpreting their results, which is not the case for other similar methods.

Fig. 13 and Fig. 14 show this evaluation’s scale mean scores and importance, respectively. The feedback from
the questionnaire showed that all UEQ+ scales have shown positive results, with mean values close to 3 on a
scale of -3 to +3. This indicates that users have given favorable responses across the different aspects of the user
experience.
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Fig. 14. Scale-Mean-Importance of the UEQ+ evaluation of Crowditivity. Error bars show a confidence interval of 95%.

6.3 Results and Discussion
The scales that received the highest scale mean scores are Value (M=2.81, SD=0.39), Novelty (M=2.81, SD=0.39),
Visual Aesthetics (M=2.81, SD=0.39), and Attractiveness (M=2.81, SD=0.53). These scores indicate that
participants got a positive outcome, enjoyed its visual design, and perceived a real value from the tasks they
performed with Crowditivity. While these two last scales were evaluated very positively, they were not ranked
as very important: Novelty (M=-0.50, SD=1.38) and Visual Aesthetics (M=0.50, SD=0.96) received the two
lowest scale mean importance. Some participants reported that they were very familiar with manual annotations
(hence, the low importance), so they appreciated the novel support of Crowditivity in that sense (hence, the
high mean score). The narrow standard deviation of these scores further suggests a strong consensus among
participants. Indeed, we computed Cronbach’s 𝛼=0.96, Spearman’ 𝜌 (Halves=0.88, Odd-Even=0.99), and Guttman’s
reliability coefficient 𝜆 (Halves=0.88, Odd-Even=0.98), which all demonstrate an excellent consensus and reliability
of the answers, which is partially explained by their small number. Intuitive Use (M=2.69, SD=0.58) and Clarity
(M=2.69, SD=0.46) suggest that participants found that Crowditivity is well structured, easy to use, and balanced
the user’s needs with innovative design.
Finally, Efficiency (M=2.56, SD=0.70), Stimulation (M=2.44, SD=0.86), and Usefulness (M=2.44, SD=1.06)

have slightly lower mean scores, which shows a potential room for some improvements regarding the user
experience in these areas. Nonetheless, these scores are considered quite high and some enhancements can be
made to the usefulness of tasks performed. Some participants reported that Efficiency was slower than expected
because of the gesture recognition required for annotation classification. Although they sometimes repeated the
gesture for positive recognition, they admitted the value of this process as they forgot that the recognition is
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Fig. 15. Benchmarking of scale mean scores of some scales of Crowditivity.

optional. This explains why Usefulness (M=2.33, SD=0.47) and Efficiency (M=2.17, SD=0.90) are the two most
important scales, despite their mean scores.
Clarity (M=1.67, SD=0.37), Attractiveness (M=1.67, SD=0.47), Value (M=1.33, SD=0.47), and Intuitive

Use (M=1.33, SD=0.75) received an average value for their importance, which are typical values. Stimulation
(M=0.50, SD=1.61) was assessed as less important than the previous scales as they recognized that annotating per
se is not always the most stimulating activity. They tend to prefer reporting feedback orally in person instead
of graphically remotely. The scores received for importance received a reasonable value of consistency and
reliability, but less than the scores themselves: Guttman’s reliability 𝜆 = 0.89 (Halves=0.58, Odd-Even=0.51).
Schrepp et al. [56] mention more precise intervals to interpret some scales based on benchmarking performed on
a set of evaluations. This benchmarking decomposes each scale into five intervals: bad, below average, above
average, good, and excellent. Fig. 15 shows the interval in which our five concerned scales, i.e., Attractiveness,
Efficiency, Stimulation, and Novelty are falling, which all belong to the “Excellent” category.

7 Statistics Describing the Behavior of Annotators
Computing statistics that describe the behavior of annotators allows designers and developers to uncover problem
patterns (e.g., problems that are recurring), identify usability issues (e.g., incorrectly designed UI elements), and
optimize the design to meet user needs (e.g., sub-optimal layout that does not correspond to the task flow). By
analyzing factors such as annotation accuracy, time spent on tasks, and error rates, designers can pinpoint areas
for improvement. For this purpose, we define a set of 10 metrics describing the behavior of annotators, as an
output of Crowditivity:
(1) Number of annotators (𝑁 ): total number of participants who annotated at least one UI element of the

study (e.g., 𝑁=8 in our evaluation).
(2) Number of annotations (𝐴): total number of annotations per UI element of a mockup, per mockup or per

prototype of a study, per study, or across studies (e.g., 𝐴=16 annotations per mockup).
(3) Freqency of annotator (FN ): ratio of the number of participations of an annotator per unit of time or

per time interval. Based on this metric, different categories can be defined such as regular user (FN≥50%
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for a participant who contributes to half of the studies s/he invited to), occasional user, few-time user, and
one-shot user (a user that contributes to only one study).

(4) Freqency of annotations (FA): ratio of the number of annotations per unit of time or per time interval.
(5) Distribution of annotations per annotator: average number of annotations produced by an annotator

per UI element, mockup, or study. The distribution is completed with the average number, the standard
deviation, and the median (e.g., a one-shot user produced 3.6 annotations per mockup of a study (𝑀=3.6,
SD=4.4, Mdn=2).

(6) Distribution of annotations over time: average number of annotations produced for a study over
the requested period of time, with standard deviation, and the median (e.g., a one-month study received
𝑀 = 10.6 annotations on average with a SD=7.7 and a median of Mdn=8).

(7) Distribution of annotators over time: average number of annotators produced for a study over the
requested period of time, with standard deviation, and the median.

(8) Annotation duration (AD): number of days elapsed between the day of the first annotation and the day
of the last annotation that has been made for a study (e.g., AD=7 days).

(9) Annotation recency (AR): number of days elapsed since the last annotation has been produced for a
study (e.g., AR=11 days to indicate that the last annotation of a study was made already 11 days ago).

(10) Number of strokes per annotation (NS): total number of gesture strokes (uni-stroke and multi-stroke)
produced per annotation (e.g., NS=5 strokes per annotation).

This metric-based approach not only enhances the overall user experience but also leads to more effective
collaboration between annotators and practitioners.

8 Limitations of Crowditivity and Threats to Validity

8.1 Limitations
In the past years, several application domains were explored using the Crowditivity platform to investigate
gestural annotation of user interface requirements in crowd elicitation:

• CareFlow: an innovative, user-friendly platform for managing medical appointments between patients and
physicists (7 UI requirements for the patient, 9 requirements for the doctor, 16 user stories, 20 associated
mock-ups for the smartphone, 18 associated mock-ups for the desktop version, 𝑁=4 annotators, 𝐴=3.2
annotations per mock-up on average over one week, 𝐹𝑁=100% because two annotators were assigned to
each version, i.e., 2 for the smartphone and 2 for the desktop, 𝑁𝑆=4.5 strokes per annotation on average
with an average of 14.4 strokes per mock-up).

• SmartGarden: an application providing anyone with the essential knowledge to create and maintain their
vegetable garden with ease.

• Make it!: an application simplifying users’ experience in completing DIY projects with solutions tailored
to their needs and skill levels.

• Buddy’s Budd: an application offering a configurable matching mechanism that allows users to connect
with each other based on availability and common interests).

• FeedGuide: an application that will enable employees to anonymously express their feelings without
fearing any consequences and therefore improve the company’s atmosphere and performance.

• QuickSpot: an application to centralize all parking related information, such as availability and planning,
in a single, user-friendly application.

Collectively, these projects demonstrate the applicability of Crowditivity across diverse domains and confirm
its adoption potential in practical design contexts. Despite this diversity, several limitations remain. Crowditivity
primarily focuses on the recognition and classification of annotation types by stroke gestures rather than
the automatic identification of UI elements within mockups, such as in UIskei [58] and SketchiXML [16].
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Consequently, while the system classifies annotations associated with UI components, it does not independently
detect or classify the components themselves. Complementary approaches exist to address this gap. Semi-
automatic workflows, such as the “Find–Draw–Verify” pattern, support crowdsourced detection of UI elements
by identifying their presence, delineating them with bounding boxes, and validating their type. Fully automated
solutions based on computer vision techniques enable online or offline identification and segmentation of UI
elements directly from interface images. In-HITT[28] performs crowdsourcing of annotations of UI elements
from mockups according to the “Find-Draw-Verify” workflow pattern: find the presence of UI element in the
image, draw a bounding box around it, and verify its type) or completely automatically (e.g., VisionAPI [12]
performs on-line or off-line identification and segmentation of UI elements. Integrating gestural annotation
recognition with automated UI element detection would enable a more comprehensive classification pipeline,
producing structured outputs readily exploitable by designers and developers.

User studies further revealed behavioral considerations regarding gesture recognition. Although gesture-based
annotation was encouraged, it remained optional. Some participants reported forgetting that automatic gesture
recognition was available, while others deliberately preferred optional recognition to preserve the spontaneity
and natural flow of annotation. These findings suggest that system transparency and interaction design play a
critical role in balancing automation with user autonomy.
Currently, Crowditivity supports two annotation modalities: textual input and graphical annotations pro-

duced through gestures. Extending the platform to accommodate additional media types, such as audio recordings,
video annotations, or web links [22], could broaden expressive capabilities and increase accessibility. Prelimi-
nary observations indicate that voice annotations, in particular, may offer promising opportunities for richer
requirement capture.
From a technical perspective, Crowditivity automatically recognizes and classifies 18 gesture classes with

multiple articulatory variations, demonstrating flexibility and robustness in stroke interpretation. However, the
system does not currently support established stroke-based symbol systems commonly used in document editing
and proofreading, including shorthand and standardized editorial notation. But Crowditivity does not support
other stroke gestures or signs that are typically used for document editing and proofreading, such as those defined
in shorthand, stenography, and Oxford editing and proofreading symbols. Incorporating such symbol catalogs
would require retraining recognition models on sufficiently large and representative stroke template datasets.
Expanding gesture coverage in this manner could enhance expressiveness and align the system more closely
with established annotation practices.

8.2 Threats to External Validity
For the qualitative evaluation reported in Section 6, we adopted a convenience sampling which produces diverse
samples, but in a limited way. So this part of our evaluation cannot claim generalizability. Instead, we aimed
to provide insights into how the involved participants would assess the annotation process as supported by
Crowditivity. Future experiments should confirm these insights with more diverse populations of practitioners.
For this purpose, we could conduct a similar experiment with a stratified or cluster sampling based on the nine
development expertise levels of Costabile et al. [15]. Secondly, our evaluation is based on a single web application
chosen for its simplicity, potentially leading to disparities between the annotations obtained for this case study
and other real-world UIs. For the same reasons, we cannot generalize to other applications. Thirdly, our user study
was conducted remotely to satisfy the crowd-based criterion [1], which does not ensure control and consistency
of the experimental conditions. Nothing prevents us from reproducing the experiment in a more controlled setup.
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8.3 Threats to Internal Validity
Our participants may have found the scales and items somewhat difficult to grasp and differentiate. We tried
to mitigate this aspect by explaining their difference independently of any particular case study. To ensure the
natural character of the experiment, we did not impose any time constraints on participants, which may not
reflect the real usage conditions.

8.4 Threats to Construct Validity
A within-subject design was always used for our experiments, which could affect the validity of the results. For
example, the evaluation could be redefined as a between-subject design if participants are annotating UIs of
different projects. Our evaluation focused on the Crowditivity UX, not on the potential benefits brought by
its results to stakeholders. For example, we did not produce any table summarizing the metrics that would be
ready for designers to re-consider and for developers to re-develop. This experiment is beyond the scope of this
paper and could represent a real asset to identify the positive impact of the annotation process as supported by
Crowditivity.

9 Conclusion and Future Work
In this paper, we present Crowditivity, a freely accessible online web application that supports the process
of user interface requirements elicitation by enabling stakeholders emerging from the crowd (the number of
stakeholders per study is unlimited) to edit studies, UI requirements in general and in Volere formats, UI elements
and to link them. In this way, any stakeholder can annotate the fragment. Contrarily to similar software, the
annotations are automatically recognized based on a 2Dmulti-stroke gesture recognizer which has been trained on
gesture templates. These templates were captured during a gesture elicitation study followed by an identification
study that determined the most preferred representations as gestures for each of the 18 annotation types. While
the overall evaluation based on the UEQ+ method returned encouraging results, some progress needs to be made
regarding the definition of UI requirements. New artifacts such as empathy maps [31] and personas [32] are now
being used during requirements elicitation. These artifacts should be incorporated in Crowditivity in the future.
UI requirements should not be limited to graphical UIs, but could be extended to other interaction modalities,
such as vocal UIs or haptic UIs [36], which probably requires new attributes of the template. Nowadays, the
development life cycle is more agile, thereby involving a collaborative prototyping tool to create the prototype
with a strong mapping with user stories, then crowdsourcing to improve the UI of the prototype by annotation
and by modification.
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A Activity Diagrams of Crowditivity
This section reproduces the Activity Diagrams in UML V2.5 notation that resulted from the focus group (Fig. 1-d).

Fig. 16. UML Main Activity Diagram of Crowditivity.
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Fig. 17. UML Activity Diagram of Crowditivity for "Create a Study".
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Fig. 18. UML Activity Diagram of Crowditivity for "Create a Requirement".
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Fig. 19. UML Activity Diagram of Crowditivity for "Add an annotation".
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Fig. 20. UML Activity Diagram of Crowditivity for administrator.
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B Practicing of the Annotation Types
This section reproduces the user interfaces developed for participants to practice the gestures associated with
each of the 18 annotation types and see their recognition, before starting the user study.

Fig. 21. Gesture for "Add". Fig. 22. Gesture for "Attention". Fig. 23. Gesture for "Bad".

Fig. 24. Gesture for "Confusion". Fig. 25. Gesture for "Delete". Fig. 26. Gesture for "Good".
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Fig. 27. Gesture for "Line". Fig. 28. Gesture for "Move down". Fig. 29. Gesture for "Move up".

Fig. 30. Gesture for "Move left". Fig. 31. Gesture for "Move right". Fig. 32. Gesture for "Select".

Fig. 33. Gesture for "Rotate left". Fig. 34. Gesture for "Rotate right". Fig. 35. Gesture for "Optional".
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Fig. 36. Gesture for "Required". Fig. 37. Gesture for "Zoom in". Fig. 38. Gesture for "Zoom out".
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B.1 UML V2.5 Class Diagram of Crowditivity
Fig. 39 shows a UML V2.5 Class Diagram that was designed to implement the database of Crowditivity: any
user can create as many studies as desired, for which any set of UI requirements can be entered in Volere or a
generic format. Any UI requirement can be attached to zero to many UI elements. Any UI element can be the
subject of an unlimited number of annotations that are related to regions of the mockup or UI element in question.
Any annotation is created by any user, not necessarily the person who entered the requirement or the UI element.
In this way, crowdsourcing is ensured by enabling stakeholders to edit any user study, requirement, UI element,
and annotation in any order while being distributed in time and space, as recommended by Ali et al. [1, 2].

Fig. 39. UML V2.5 Class Diagram of Crowditivity.
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